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(54) DEVICE AND METHOD FOR LASER BEAM MACHINING 

(57)Abstract * 
PROBLEM TO BE SOLVED: To provide a device for 
laser beam machining with which a work to be machined 
is precisely cut without a molten part or a crack which is 
deviated from a planned cutting line on the surface of 
the work to be machined 

SOLUTION: The device is provided with a laser beam 
source 101 which emits a pulse laser beam of which 
pulse width is 1 jxs smaller, a power adjustment part 401 
which adjusts the magnitude of the power of the pulse 
laser beam, a lens selection mechanism 403 including a 
plurality of condenser lenses which condense the pulse 
laser beam so that the peak power density at the focal 
point P of the pulse laser beam becomes 1 X 108 
(W/cm2) or larger, a Z-axis stage 113 with which the 
focal point P of the pulse laser beam condensed with the 
condenser lenses is positioned inside the work 1 to be 
machined, and an X (Y)-axis stages 109 (1 1 1) which 
relatively moves the focal point P along the planned 
cutting line 5 of the work 1 to be machined. The 
respective aperture numbers of optical system including the condenser lenses 105a to 105c are 
different from one another. The dimension of a property modification spot formed inside the 
work 1 to be machined is controlled by acjjusting the aperture number and the magnitude of the 
power of the pulse laser beam. The dimension is displayed prior to the machining with the laser 
beam. 
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[ffi?m i ] *wzm# i jisWF©/ wx v-+fit 

—9ft ®fr 6 tiJltS n * / W X U— tf ft©/ < 7 - ©* § 

WE u— ifjtifi^ e> tB*ts nrc /wx is—*r yt<DWt& 

©k!-*/S7-®£gtf 1 x 1 0 8 (W/cm 2 ) W±t*SJ: 

Buiert^ictt^^^-ST i /Wx©/Wxu— tfft 

-3©efeStX#-y htffgfiSStU 

flWE/<7-«»¥afc <fc 5Mffl5;*tt5/WX U— »fjt<0 

A7--©*tS£:&Stx*>y Y<D^mt<Dm&M%*^ 

iiuEA^Sftfc'WXU— «fft©/<7-©:*:# 

1>T, C©*£S©/<7-T*f&$Sn3afSX#'y h© 

*tt*fliEfflHM«ES #a^ 6 siR-t s Trasses 

\.Wm 2 ] 1 n sWT©'WX U— »f ft 

me u— tf3t»*» 5ta*f *nfc/^vx i/— »f ft©&ft£ 30 

©tf-^/Sy-^grft 5 1 x 1 0 s (W/cm 2 ) t;U:{c&5<fc 

BuEmftffi bVXtc J; "3 JllftSftfc/VI/X U— »f ftO* 
ftj£*ijni«**©rt3Pfc:£t>-e 5 #fii: , 
WI5JioiW^<o«j»r?^7't'>tcjttoT^;i/Xb--!f 

ft©*ftj«*ffiW»K»»S-&*»»*ai:, 
MErtWt«3tjiS%^t)-e-T 1 /<;UX<D/<;UXb— Ifft 

lOGM PSWHflS* J: 9 Bffl 3 ft * HPS©* S S 4: 
©BgpST-^*n53cSX4?-y KD^^MEtB^M 

« E*¥»^ saiR-r * Tra*K#» t , 



[wJRJM 3 ] /WXStf l MSJ-X.TO/WX U— <fft 
£ffi&J-f Sb— fftifi:, 

WE U— If ftSfr & tB W $ ftfc/ WX V-*f ft©£ft£ 
©tr-^W-HEfttfi x l o" (w/cm 2 ) J-X±J<: 

a tc^;i/x is-ymmfttzmxm uyx*«»£# 
at, 

fuE*&©*ftffl U vXfcStrft^JRtttftf'tiMPtt 
tfg4D> 

hue u > xa9?¥S-eaw snftMffl vyxic&om 
ft£ftfc/<;i/xu— *fft©*ft££Api##*©rta»c 
^fr-a-s^at, 

S8EtPlW*»0«I»rf VKiBoT/WX U— »f 

iuErtglUcgft^^fr^T l /<;l/X©/<;WXU— »fft 
£MSJtaItt#tWc!ll*?-£Cit;:J:9, BuErtSPic l 

«JEtt»0*3ttffl UVX*£trft¥JR©MP»©*t? « 
fc#«X#-y H0Tfffii:Offiian«* : pi6E«LftfflH 

as?snfciWB*ftffl u>x*atfft¥5K<DMQ»©* 

$2fcSoVT, C<0*t*OMP»T»*SnS*JI 
X#>y h©7Ti£*t<IEffllflia«E18¥8fr5aMR*-5 1 + 

[ffl}#« 4 ] ^;1/X*atf 1 jisttT©' WX U— 9% 

— ^feii* 1 e.tbW^ti5^;VX u— <f)tt©/<7-o*t 

SfcUffiS-r^W-illif^ai:, 

nuE U— fffdiS^ fflS*« ttfc'WX U— 9 s t!£(D^7 i c^ 

cDkT-^^7-^gA' i l x l o 8 (w/cm 2 ) W±(;:45J; 

•5 {c/<;bX U— tf7t*^-r5»7tffl U >Xt. 

BBPao^^SOX^KS^^TWElRJtfflUVX*^ 

t«^s<oiflp»o*#s*iaas-r«BBP»»ii5#a 
a. 

WBtaI«irtfcOW»r*Jfe9W Vfcffio T/ WX U— «f 
Jt<Dill%j«*«i»«K»!Bi***»!«i#«i:s 
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me>< y-mm^mc & k> ssfBSftS'Wx u— »r«© 
*aif«iEMPj»»iw#ati: * »> mass ft 

3Mpa©*-*S©ai:&8x#*y h©-tfi£i:©fflMi] 

ttfc-JJ&Ett Lfc«BBB«E11¥ai: , 

MEA2l Sftfc/WX U— »ftt©/ <7-©A t S K&tf 

MEA2l£ftfcraPft©*£«fcg^TCft&©** 

S T«Jft 5&ftX# -y h <D^m*mffl8fflMmi1& 

^fr 6 SK-T S Tfffi 3#?3M8 fc , 

iaE^ffia»?#ac «fc oa«sftfc*Kx*-y b©^i£ 

CW#* 5 ] / WXStf 1 jisfiTF©' WX U— «f3t 

/^l/Xl/-f3t<0^7-^f £©A*UcS , 3V , TMEl' 

— »fftiSfr£di»Sft5>WXU-- tf%©><7-©** 

**ISIiS-rs^7-iiffl5#Si:, 

huEU— *f^tS*> hV&m Sftfc'WX U-*fffi©&ft£ 

<Dtr-^/^7-S?ja*' t 1 X 1 0 8 (W/cm 2 ) W±fC&5«t 

froME$a©*ftffl bi/X^S^BjHg* l/>XIKf 

at, 

ME»»©*ttffl UyXfcattffc^JRtt-f-ft-f-ftBflPft 

ME U vXilJR^ ST* mm S ft fc ME&f£ffi U V Xtc <fc 
9*#Sftfc>WXU-tfft©*ftjS£ftPXttfc?%©l*J 

misnm^mt^'t^x i /wx©/wxi/—*fft 

*WEliaiJ4ft»K:Ba«-r*cfc»cJ:t), MErt»fc 1 
o©2£«X;tf -y hA^fiE^ft. 
lWE^7-M«i^SK«fc DS3S5SftS^/UXL'— tftt© 
/<7-©A# S&tf ME«S©*Hfcffl U>X*Str3fc¥ 
^©KlPaoAtSOfflfcStaxtf-y t><D^-j£i-<DtBH8 
ga&fc^i&Eii L fcilRIHffiEtt¥a i: , 
ME A*) 2 ft fc/WX U— fft©/ <7 -©A# % \cRV 

tSfcB-rJi^T, cft6©At£TffM£ft3E£Kx* 
•y KD^ffi%H3E*IHia«E«#a^6a«!-r5^ffia 
«#at, 

METf ttjJBR^SK: <k *) ftfc&Hxtf -y h ©^t j£ 
£{1x3, U— ♦fiPl^Ho 

[Hiij*JS 6 ] M8B^&38*R#aT-JStRSft;fc^ra©& 



[W*E7 ] ;S/l/X*Itf 1 /isJiCF©>WX U— «fft 

*mirr*v— ■mist, 

ME U-lf ftMfr <b tHW* ft 3' WX U-lf <7- 
© A £ ^ «rSSfflS-r 5 / <7 — iliri^MS i: , 
ME U-*f ftMfr % UJ&t£ ftfc/WX U— «f ft©&3to5 
cDtf-*>^7-^a*M X 1 0 s (W/cm 2 ) W±tCft5«k 

WE**#«fc * 5 S ft*' WX U— >f ft©i&#,6 

MEiPX«^o«j»f^S7'C yfcjftoT/Wxl/— ' >f 
)to* JtjS%ffl» W fc S * S & i: , 

MErtSIUc&fti&^tHtT 1 /S;l/X©/^VXU— tfft 

o©*ftX#-y h#JlM£ft. 
ME^7-ISfii5¥StcJ:oiH15^ftS/<;l'XU-lf^© 
A7-©AtSi-&«X#-y KO^iifccotaMM^^ 
' 46EH L fcffiliilftElt^a t » 
20 SSX#7 hO^iicDA^tcSo'^T, CO^j£lcjgfig 
T f 5 /^l/X U— tf TtcD/^7 -O A f S ^-MEWM^ 

Eii#a*^3W?-ra^7-aiR#ai:. 

ME^7-!Hflli#a«, ME^7-SB?#&K <t DSiJR 
$ n/c^7 -©A 1 2 1 * S «t 3 fcME U— VftW.fr <b 
tBtt*ftS^;l/X U— 9 f Jt<0^7-OAf ^-grWfflS-r 

U— tfMlXttB. 
[11*^8] /WXtstf 1 /isUTO^Wl/- tP)t 

30 me u-yymfr % mfaz ft re wx b— »f ^to^fe^ 

Otf-*>^7-Sg«AM x l 0 s (W/cm 2 ) J-XXtc^i,^ 
-3';-vWXb— ifTt^^l-S^fflbvXt, 
MEftytffl W VX«r^tf^¥lS<DllPSi(©At S^mB 

MEIR^fflUvXtcJ;D^f6$ftfc/^l/XU-1fJt<om 
MEtoIttfc*S©WIW*J£ 5 f > K » o T ^;l/X U— *f 

jto*)tja**aw«»::»»s*«»»#ak. 

40 MEFWc&ft^fc^fr-eT 1 ^;l/XO/^l/XU— >f^ 
^MEftDXW^JcKW-r * c t (c «fc 0 « MErtSiStc l 
o©*KX#-y h^JfMSft, 
MEBflP»BMB#aJc«fe»)iWll*ft*l!BP«©*#Sk 
3c«X#-y KOTfffii:<OffiHiB«* ; Pi6E*Lfc«HBi 

«MX^-y hO^-SOAXifcat-iSu^T. co^tiCM 
T- 1 -5 m P A f S * MEffl US HftEII #S Sfi? 

-rsFjflpa^^ai:, 

so fflEMP&HBf^ai*. MERlPajfflR#aK«J:t)a«? 
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SttfcMPS0**S fcft* * 7 .PWEH-ftffl \yy X£ 
do 

(D^-^^V-^&ifl x l 0 s (W/cm 2 ) U±£&5«fc 
buI 2 U vXjfflR^STSS? S ftfc MI SiRTttB U v Xfc J: 

WErtSPK^ftjafcafc-eT i /wxo/wx u~<fft 20 

^rWiaiPlW^tSgW-r 3 c fctc J; ») . *}EfWc l 

T't^^PacO^#^ ; &BulBfflMll#fB1i#fS^P»^R 
•rSF^PiiiS^PSt, 

yX©aa?£-fS. b— <fiPl&H<, 
[ttJRJSl 0] /WXfiftM /isWT©>WXU— "f 

USE U— tfdttm*^ ?> tB&t 2 tife^;l/X U~»f *©*#£ 
©fc?-^7/<7-8;lStf ! X 1 0" (W/cm 2 ) WitC&^cfc 

■5 (c/^i/x u— *fK%mytt2>%kftm i>>xt , 
fiuE&ftffl u>x*£fc)t3*£©rapa©** SfcSiW 40 
■r*MP»Mffli#«i:, 

HuiB^ffl j; »3 aytsnfc/wx u— tf ye©m 

fc££jtaIiW&1fc©rti$K£foHt5#at, 
HuIBrtg&tc&tt^fc^to-tfT i /WX©/U<xu-+fft 



■e * */<7 -Rtf m pao* s ^ <D®ttm vsnmrnz 

me> * 7 -iifflf wt bih ammwmm . mmm 
aK#a»c <t o a*R$ tifc^v -^stf espa©** s fc 

ft©/<7-©***&trtWE*}^U>X*£trt^JR 

1] 'WXifitf 1 /isUT©^;UXb-+f 

nuIB U— <f XMfr 6 ffi&l 2 *i S > WX U— »f ft ©^ 7 - 
©*$ S £ MfflS-T 4 /< 7 -|Sffl5¥ a i: x 
ME U— >fftS*»5 tB*fS ttfc/<;l/X U— 9%0*3W[ 
©tf-^W-ffiJiW 5 1 x l o 8 (w/cm 2 ) W±K&S£ 

o tc/wx u~«f ft**ftr **ftffl u v x*a»^# 
at, 

iiufBif a©iHftffl uyXi^tyit^tt^n^tiWPft 

BufiBb>X3l^a-t?3l1R$nrcBulB*7 l fifflbyX(Cj; 
0*JtStxfe/^UXU— *fJt©»^*A0l»^©rt 
gpjc^to-ti-S^at, 

HijIBtolW^©^^^^^ >tc?tto T/WX U— If 

^©^jt^^*B*fW.c^®)^-e-se;ii#ai:, 

BuIB^SPtcm^^^r^to^T l /^l/X©^;UXb-+f7fi 
*ttEJPlSWl*KflMrt"*t t K * 0 > mjiertgP^ 1 
•o©tSSSX^-y hjb^^tix 

^7-©^t *Rt>*HUEaa©*5tffluvx©igpa© 

*t5©ffit*KX^-y b©^ffii:©fflMKH&{H^6K 
HbfclBI8MffiEti#at, 

T* 1 4^7 -Rt)P|}gpa©*# v* ©ffl£tuE*BMH&E 

it¥aA> e. ai«-r s na«?¥a fc . 

me/ ^ 7 -iHii^astfWE u > xss?#aa v me$i 
jgfR^ a^ J; o si« s nf=^ 7 -atf bb pa© a t ^ t 
*5«fc?»cfluEu-if^if^e.aiw*n5/^i/xb— »f 
jto/w-o**?©awpatfiiE*a©*3tffluvx 
©ii^^-r^, u— tfinx^M, 



(5) 



«fBH2 0 0 2-2 0 5 1 8 1 



Xte 9 teK^ u-iftaiMl. 

m*ft 1 4 ] «nEffiBR#aK j: oaiRsnftiao 
oxiti iiE«©i'-iftaxisti. 

^■fftfr-ofc^tf, 1-14 O^-f ftfr£f2« 
B»#*l 6] ^;l/Xly-^3tO*)lfijft%liPXJ*ft*i 

lXfii:. 

/^l/XU—lf)t0^7-*illBa 1 XScfc D** < Xtt 20 

*Wia*oi»ft«lOrt»«i:'&b-a:T, fflEtaXW«rt*fc 
A^b-mW^chic^D, BufEtaXtt&tl 

[11*31 1 7 ] 'Vb* U-tf#©£3^*taX»*W 

BBW-TSCfclciD* WEtaXWfcWOflHfi^'f v 
tc^oTMiaftPX^^^rtSPtc^^MtCcfc^SfeK 30 

1X8 fc, 

BBP»**CfES 1 Xfi * 0 < X«>h£ < J: 3 
9)0 U fro/S/l/X U-1f JtO«)tjS*MIEliPX»ft» 
OflBMc^fr-eT, WKiPXJ**»*c^^^U-1f)t* 
BBW-T § C t tc £ 0 > BttlBiPXWftWOfl&OWW^ v 
>f y fci&o TME*ix»«*ort»fc^*?!R«k: * * 
«©8*«*«B#r §^2XSi:, 

[00 01] 

Em«fi^*«7x^*oiipx»ft»<o«jw»cffiffl 
£tx£ u-^ox^sRt/u-^ax^ffi^iB-r^o 

[0 0 0 2] 

fc, ftPlWft*A<»iR^SifigOl/---lf)t*Ba«U, u 
-IfjfcOWKlC J: 0«J»f-rSfilBT^*t>TllPXW*1ft<O so 



£ Sffi ft t 1 T ta&iSHfcitff * *T taXJWM* 
^WTSo bfrU C(D*ffiTBiPX^*%l©*ffiO 

■f * ¥IW*^#»IM" £ Stiff* 3 o 
[0 0 0 3] 

[fg^dPftb^^^-rsma] *px*r*«o*ffi©» 
a*i»± , r**Sfc bx. «i*tf * i$n 2 o o o - 2 1 

9 5 2 8^$B J ?#^2 0 0 0- 1 5 4 6 7^«*C» 
^^nftb-+ftCcfc^^»T^ffiff$>3o Cft£<D^$8<D 
WKSiSTWu taX*»*0«Kt"««»r*U--1f«fc 
<fc9*P«SU *LTtaX#***ffi9*SCfcKJ:9* 

tax»*fto«Ki-*Hm^»«**4us*Ttax» 

[0 0 0 4] bfrU cti604i«0«W*ft"P(i, ta 

xi*ft«K:4i;sj»ff»ff*f iMXR$m<omm 

cttf&Zo £ft> cn6©«i»ffiTJi¥iSXftx* 

[0005] tax«ftia<oSffi(c^ 
^ u--*fjpxsHRtf u-iftax*ffi fcntn-r* c £ t 

[0 0 0 6] 

[«■*»»■*■* ft»©¥S] *3SHB*c«*U— IftaX 

TtiSff e> ffi*t£ ft ft / <;vx u-^Tt^o^Tt^o M-^^ 
1 X 1 0 8 (W/cm 2 ) W±«cft*J:^*c/^l/X 

nft^;i/xu-ifyfi©iii)^*tax»*»ort«K&t) 

* S #S 4: , iPXit**© W Br^S 7 > tc }Q oT/^ 

sua, taiw«a*ort»^jiBttjfi*dto*T i ^vi/x 

(0/ b-lf Jt*taXJ*ft*«cBa«-r ^ c i: <t 0 ta 

**«fca*X#^ hOTfffihOfflBUM^^ftfBilb 
fttBMUfi&IHti^afc. X**nfe^;l/XU-1f3tO/< 
7-o^:t^icSo v ^TccD^:t^o^7-TffM^ft 
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9 

ttfflR^S £ . TTtt«R¥RK <k 5 3HRS nfcSUlX 

[0 0 0 7] *»rcK«SU-tf*]l8Bfc Jfttf* 
;VX U— <f 7fc©*llftj&&ftnXft&$l©rtS5»c-&fo'l*\ 
o«ft,6lc:fcttl>k:-^7-&g# i 1 x l o 8 (w/c 
m 2 ) ttlTfeoT/WXiAM jistTF©&#T\ *DX 

Ts *ISWfC^S b-tfiPX^B^ffl^T/^Xb-if 

jt*ipij«f*«jK:fiai«-*i:» apx*t*«©rt»fc£)tt 

caft««3WKdt*n*. *PXJ4jWftO«IIK-r41BBfK: 
ft e>fr©i£,6tf fc, *DI^1%*J:bt2W/jN$**T 

&artai«fci»*ttttrsc £#•?**©•*?, spx*t 

5 c *PX^ti©gj»rtfnr&i:&5o 
[0 0 0 8] gfc, tf*PI^Btc<fcn 
(f. toI^»©rt»KJSffittK£^!RJK*»£S-e 
taii^ffMbTi-^. ioT, i)PX#il$l©Sffi 

txtt^o «±© cttic sswrr * u-if 

<)PlSgRD"b— 9 r iPl*»»COU'>Tt»mx.5Ci:T'fe 

[0 0 0 9] *«W#K«tntf, 'VWU- ftt 

©/<7-£'hS < -f 5fc&f£x#-y htf'h? < 9 
tciliiJSPT-t, /WXU— •fJfc©/<7-*;*;£ <-f£i:& 
«X jH <y h *: f? < * 5 J: ? IcMM'V f S c t ^ 
fc 0 &StX*-y l/WX©/WXU— tffttcfc 

omi&tn^ik r mmx'Sb>), *Hx#»y htfjussc 

tlc<tO»Kffi^i:*So &KX#-y h©*ffi©SJWi 
ftDX«««S©«I»rK»»%aiS-r. &I£X# 
7h*'**tf4i. *0l««*©«IWrF5£5-ryt» 
r>tz®Wi<Dm&Rl?W»®<D¥-tB\£tfm<%%<, -73, 

«*U-1fflOI«iHcJ:ti«, /WXU— tf5t©/<7- 
©*£ 2 £l8S5-f 5StlXi|?7 h©^ffi© 

[0 0 10] *fc, *HWtcftSU— *fftPX=gBfi. ^ 
;VXU-+fft©^7-©;*:t St&nxXy hV^fct 

AJlZfttc/WXls— 9%©/<7-©:*:tS»c8^T 
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C©*£S©/<7-?»J8?ttsailX3l*'y h©\fj** 
ffiHHfM2ttmfr&S«!U Sl^ftfcSltXtf -y h 
©^i£*aSLTVS. iot, b— ♦firaX&SJcAft 

^nr^^vxu— 9%©/<7-©*t ^tcto^Siia 

3&StX#>y h©^j£*U— ^AaXButcJOSC 
[0 0 1 1] *«WCff4U— <flnlSt««, >W7J& 

10 ©t?-^7-&JStf i x 1 0 8 (W/cm 2 ) JW±(C&3<J: 

5K/WXI— f^*^-T5*7tfflU>Xi:, matt 
£©A#Cg^T*ttffl U VX*Sttft¥&© 

> Xfc J; o ifc&snfc' wx U-+f ^©m^^iPXW 
g*©rtgP£-&fc-£S#ai:, mxttmd<D9]Wv¥>fe7 
■i >tc&oT^;i/X u-tf3fc©aw^*t§*tttfcgw* 
*HiL ial»*»©rt»t!:*«jft* 
£fc-£T 1 /WX©^l/XU-tf#%SpX#0tfefc!!89l 
■f 3C fcK^DlmXttgiW©^^: l o©&ftX#-y h 

20 jw&astu ggpttSiffli#st<k»jiaa5^tx5siatt© 

*££fc3Sc«X#y ^©^^©ffiMBa^^^lgL 
fc*BHH«K1S#a £ s 2 tift WPtt©* t S teg 
oVTC©*££©mPttT'J!M£tli>#ftX^y h© 

[0 0 1 2] *fgB|j#tcJ;titt*. lfeitfflUVX%$45^ 

T-t, *©BBPa*'h*< , r*fc*llX#'y 
30 WT'S5CtWo/i. iot, 

-tfiPX^HfCitUf, »>tffl UVX*^tf^^©BaP 
tt©^'f ^%l8fil5-r Suttee t)iSliX^>y h©^ti£© 

[0 0 1 3] $fc, IfJiPlttBtt, M 

P»©*t*i:aHX*-y f©^tffit©OTM^^46 

©** 2 tcgrJ^T c ©A f S ©B8pai?»«S txS* 
KX4?-y h©Tfffi**IBBH«Etl*afr&a«!L, MIR 
£tifct&«X#-y h©^ffi%«^LT^-5„ iot, U 
40 — 9*ft)iaHEAflSftfc|fflPtt©*# Stc* DM? 
n-5»SX4?-y h©>rffi%L^—tf*PXMfca]SC fc^T* 

[0014] tfftpx^eti, /^x*a 

l /isJ-xT©-'^i/X"u— tf^fflW-rsu— f^tfi 
t . l/— V%Mfr<b mtSftfo ^x u-if 3fe©m^ 

©tf-i7/<7-ffi/|[*M X 1 0 s (W/cm 2 ) tx±tc^5<fc 

3 ic/wx u— 9*^»)t-r b vx*ffltt$* 
*»oa«©jnjtffl u > x^wmws. i> > xs^a t 
^(tx. ^©iftfcfflbvx^^tJTie^tt^n^ntjg 

so PttA^S^O, UVXSfc¥»-ttfflRS*lfc*J!efflUy 



(7) 
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ci:«cJ:01iPl«*»ort»K: l oca***? htfffJ 
tSk«j|X#<v h0Tlt6fc0fiBB«**»B1tLfc 

♦iBM«Ett#ai:* aRsnft*3tfflu>x*^tr% 
aHR-r*\fiia»i#ai:. TraaK#afc<fc!>aw*tt 

[0 0 15] *«W*c«*l^-1fliDlttHK:J:titf, * 

J:DM?tiMSX*7 h©\f»*l^-tfiiPXm£» 
[0 0 16] *«WfC^^U— y/)PXSBtt, /WXfi 

2*B«-fs><7-B«s*a^ u-tfjo^&as* 

nft/^l/XU"^3tO*3tjS©t?--^^7-!B«tfl x 
l 0« (W/cm 2 ) Ut±»cftSJ:3«c/<;l/XU— yjt**3t 
f SfcttfflUVXi:, WP»©*£S<Z>Art£S^T 

»3^uyx*«tH^*oBP»o**s*B»-r* 

BPttBB#Sj:, «3ttfflU>XtcJ:0«««tift^ 
«0»JttiSl**H»»K:»»**«»»*Bi:*B*, *P 

rtauc i oeoa«x*y h^ffM^n, /<7-B»#a 

B8P»BW#Sfc <fc 0 * ti3 BflPSO* * £ <0&l i: 
2j(IX#7 MDTj-ffifcOfflBB^S^ftlSIBLfcffiBB 

**KiatfX**tifcMPftfl)**S^»^Tc:ti6 

a*:, m*ck*»«i:«. 
[0 0 17] *»WJc«*l^— »fliPli6B»c<J:titf, ^ 
7-OBWfcMPa©BWfc*e^t>^*£ ktfr*£ 

SrU-lfAPlHufcJPSCfc^TtSo 
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[0 0 18] *«Wtc«SU— tf*Pl»B«w^^e 
£\ /^l/XU-^)tO/^7-***OA^fcBr3l^Tb 

«*B»-r*^7-BW#ai:, !f)Wfr6ffl»* 
n^c/Vl/XU-if3tO*3t^e-^/^7--ffifiAM x 
l o 8 (w/cm 2 ) fiUbfc&*<fed(c/<;l/XU-lf3ie«:*Jt 

SmB4UVX»R¥a!:***., BBO*3«fflU> 

10 xs^tDt^s^^n^tiBpa^aaD, uvxas? 
*aTas?*tife*itffluyx^j:D*it*nfc/^i/x 
u-if«o*)t^*iipx3**«ortSf*c^to**¥a 
k, ftpx«^o^W^7^>icfe v oT^;i/XU-if 
)t<D*^*fflJ*W^»«i*^S^l(i¥ai:*fix., *P 

X**ft1»OrtaP*C^jS%^t>H*T 1 /^X^/^Xb 
-1f3tt*iPXS**«fcBI*'r*ii4:»c*t), iJPXttftft 

cortgistc i ooa«x*7 /<7-b»¥ 
a^-fcOBfiis^ns/vi/xu-^o/^-cD^ssR 

tl^O*3M U>X^tr3**3ROBP»©** SO 
20 fifcSKX*? h©Trai:0fflMBft*^ftK«Lfcffl 
BB«l2«#afc, X^Stifc/^XU-^O/^7- 
0*#S^RtfatRSnfe*JtfflUyX«:^tr)lfi¥»0 

Mpao***^s^^Tcne>o*#*r^«n* 

S**#*y hO^-ft*fflBB*E1i#afr5»R , r*T|- 

ffii«?afc, >j-ffia«?¥afc«j;oas?«tife*«^* 

[0 0 19] *»WK:«*U-1fliPX«BK:J;ntf, ± 
E*aW^«SU— *fiPl*fii:Btt<oa4tcJ:9, & 
so lx*7 hOTfffioWWTSS^SSOBB^Wc 

[0 0 2 0] 0±BH8bftU-1fttlX«Btt. ^ffia»? 

#aTajR'«nfe^ffioaii^*y hoii&^mac-t* 

**. ctUcfcWf. ffM£ft3#fSX^y Hco^T 

[00 2 1 ] *«w«cff*U—?f*PX*Bti, 'WXB 
40 ifi 1 fisaTO^;^b-1f**HlW , *"*^-1f>6B 

m^*nfc/vvxu-if%omjtjs«otr-^^7--aBa 

1 X 10* (W/cm 2 ) J&hfcft*J:3fc>WXl'-" ifJt 
**3frrs&)fc^ai:, 3tfte#afc£D*)fc;£ftfc/<;l/ 

x u-if ^eoa^jasiipiwftworttffc^^^^a 

)tOJfc3^*ffl»»«c»*S**»l^ak*Bit, *P 
X»fttt<DrtS8(cJR)t^«:'&t)*T 1 ^;PX^^Xb 
so -^£iPX^Wc&Bjtr£ c 4: tc J: OiPXWfeftlO 



(8) 
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rtSWc 1 o©KKX#-y htfBmtft. /^7-IM#& 

k. j; ommznz'wx b-im©/ w-©At 2 t& 

!21t#l&£:, &«X#>y h©^r£©A^S^T;i© 
^SfCffMT* * 3/ WX b— 9 s #©^7-©* * £ 

-©Atst&s^atc b— «f yesa^ e> ms4 s n a / w 

[0 0 2 2] #l$Wc<i*b— »f2jQlgHK:j;titf> '< 
^©^-©At^tftSfXtf-y h©-tf?£fc 

&gX#-y h©^j£©A:frtcS^TC©\r)££J&j£T' 
f S/^l/X b-^ft©/S7-©*t SfcfflMW&ieit^ 

J: (3 ig|RSn/i^7-<D7vt S t cfc 5 fC b— 9%ifii 
P. fcB*f 2 ft 3 / ^1/X b— If ft©/<7 -©A t 2 =&8Sffl5 

[0 0 2 3] *«WK«*lx— tfinx^Btt, /WXtg 

©kT-^/^-ffigAM x l 0" (W/cm 2 ) fcLhK&5«t. 

b y xzstsytmikvffl pto* t « *wtii-r a p»i pa 

HHfi^St. ^fflbVXK^OmTfeStl^Vl/XU- 

I »**0«JIW^3S7 f > K & o T X b- -f ft©* 

iaXttii 

^©fl${c»ft,6££fr-eT l /<>l/X©/WXb— tf)tt 
«riOX«^tl«c8g*f-r 3 C fc tc J; •) Jjal*tii$l©l*lg|Sl;: 

mm s n* ranao** s t &sx # -y h <d^& t <om 

h ©^©A^fcS^T C O^SCff^ftSSPS 

©a sr * *«MHff e«#sa^ 5. sjr-t s mpbhr^ 
jrs ttft pa© At £ t & 5 «fc -5 k mx.m v y x*£ 

tr3t¥lfc©MP»©****M«-rs, Ci: + 

So 

[0 0 2 4] *fgfimc&5b— «fiD!SSfcJ:n^. P*1 
pa©A#£i:&«X;K-y h©^at©fflfJ8KH&$:^6 
E*LfefflKIBaffiE«¥a*ll**. &KX* -y h©^t 
(£©A;tycgoVT C ©^ffilcflMT- f 5B0pa©A# 

B§P»S«?#Stc J: t>a«*nteBBP»0*t s 

«t 3 tiwtffl u vx*£tr#¥fc<DMPft©*:* 3*n 
ii-rso msi<Drriio»«x^>y h*jwta 
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[0 0 2 5] *^WKi5U-f)rai8l«> ;WX*s 
a* i /isfcTF©> wx b— ♦fftfcfflWfs b— <fftl£ 
fc, b-lfrt^i^ffi^ft/c'W'Xb-^^mS 
©tf-*/<7-&gAM x 1 0 s (W/cm 2 ) W±lc&3J: 
3 lc^/1/X b— lf3t*l«t^*«3ttffl b VX^rffl^* 

fro«»o^3tffl b y x%a« bThI% b y xmft^® t 

PfttfSft 0 , bVXiS^^ST'iS^Sn/c^T'effl b> 
X*{C J: t) ^7fe$tlfc^;UX U— »f JtOiftJtjS**!*** 
10 %©rtg&lc£fr-e£#&i:, JlPXM^tl©^^^^-?^ 
y{c ?B o T / ^x b— ffJt©«)tjS**ffit4 WK^ft ? # 

■a-T i /^vx©^;i/xb— •fjt^ftpxw^tcBg^s 
c fct * BtaXttttbOAtfic 1 o©»HX^-y 

4?-y h©^gi:©tg|g^* ; ?46feiibfcfflMM^IB1i 
^KXiH-y h©Tr£©A*)fcg-3VTC©^m 

jr-t « p»i paa»?# m tzmti, b vxas?#s«M p 

So 

[0 0 2 6] *58Wtc«Sb— y/iaX^SC^ntf, St 
HX3H-y h©>)-i£©A^{i:«t3i/^TC©^-j£tc^T't 

3MP»©*#a*fflHH«ffitt¥aft»&a«-r*. 
>xa«?#atiBiipaawi#SKJ:oa!R*tifciBP» 
©At s t. % <t ^ Mmm&XM b > x©a«?%-r 

*. iot, RlTa©^©KHX^-y h*Jgfi£-rsci: 

30 [0 0 2 7] *%Hfl(C^-5 b— tf ibnX^ffi J {i:. / WX* 
^ 1 /i sWT©/^VX b— !f«%ffiW-r 5 b— 9*Jtif 
i:, b-if7tigft^ail*^ti«^/i/Xb-+f^©/<7- 
©At?%«-r^/W-,OT#gi:< b— tfJtiiA^e 

m#t^ nfc/<;i/x b— <f 7t©ni7t£© t;- ^ ^7-sg 

AM x 1 0 8 (W/cmO W±KJS:*J:3lC/</PXb— 

fcaytrsaatfflbyxfc, *jtfflbvx*^trjt^35 
©p^i pa© a ir s *w ffli-r 5 ua umm ¥S t , m^effl 

b>X{cJ;0«7t$n/c/^l/Xb-+f7lc©ftt7 l d.^ ; ?ri!raX 
«^ft©rtWtt^fe-li-S#Si:. iDXW^O^JW^^ 
40 7^>(cfp^T^;l'Xb--9-*7 1 e©m7t^ ; S:fflWWlc^i) 

%t>#T i /Wx©/Vi/Xb— yytZlmxttMmicMlii 

— f 3te©^7-©Af *&tfPj3PaiB0i#©H: <fc 0 Peh 
^ti5P»apa©At S©ffltKKx#>y h©^tffit©ffl 

h ©^ffi©A^{cSc5i/^T C ©TfffitcffMT' 1 3/^9 - 

Rtf rap»o*t ^ ©!B«:ftiHiia«Eta¥aA^a«?-r 
50 zmmiR^mt^mk, rtv-vm^wkxsmuwMm 



(9) 
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CO 0 2 8] #8Wte&-SU--fftnl*E»c«):*Uf, & 
KX# -v h ©^t&cDA^fcBoVT C O^J-fttcffMT' f 

-©**SRtfflBPa©*SSi:***3K> ^ti^P 

[0 0 2 9] 9«Jinl*lltt, /<;i/x* 

7-©*££*«AB-rs><7-iHffl5#«i:, U— 0%« 
fr&ffl&fStxft/^XU— tf^O«^<DVf— >^7- 
.ffilttfl X 1 0 8 (W/cm 2 ) JU±K45«};3tC/^l/XU- 

fflbvXfcJ^^ltefcUVXaMR^Kfc***.. SHSO 
iHftffl bvX^^ty^^ti^ti^'nMPa*^* !? , 
UVX3^¥&^3^Sftfc£ttfflU>XfcJ:!>liytS 

x b— *rft<Dmft&&mttmc®m-$*tz®m3 i ®£* 

^;i/X u-tfftfciaim&tcBgatf -s. c t (c «fc 0 Apx 

W^OrtSPK 1 -3<Dimx*°v h*W?tl> ^7- 

2ZRmm<Dmytm u vxo^pao^t $ o^ta 

Tfffifc«jre**/W-fttfBflPa©*SS©fflfc«H 

mmmm* e> m w-r 4 t a , > < 7 - 
«as#SRtf u vxas?#atiiBa«#aic <fc •? sijr^ 

£ HiW $ ft 3 / W X U— «f 7 -<D*£ £ OPflfi 

atffflao*3tfflbyxoaiR*-rs, ct^iw 
[0030] *5gBU(c^4b-+) i '<)nxSiftc<fcna\ a 
s><7-©*ts&tffflpa©*£s©*§#nfc-tt*fB 

*RtfB8Pao*#«i:*S«t3tc. ZtiZti. U-^f 
ftilA^fflatStiS/WXlx-- <fft4V<7-©*#S© 

HWRtfSftofcttffluvxoaHfc-rs. i^t, a? 
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[003 1] *BW£fc*U-1ftaI«BK:fc^T» /< 

7-st)?#ia»c«kos»?5tifc^7-<o*irs%a^'r 
fcfflo^ 7 - <o± t s RtfM pa©* t 2 &s^-r 4 * 

10 If, a«X4?>y h<D^j*<0A^{-8^^TU-if/)nl^ 
[0 0 3 2] *fg^fc^s u— tfirax^Hfcfc^T, 9] 

swt? -rycfcs TiDiw^ortgptisaoaiix 

figptcte^T ? 7 -y £ £3 ? 5 v 

^gil!^aalS«^R0 : ftpx^^©rtgp^c^3v^TM/T^A^ 

[0 0 3 3] fcfc, M7-PI!S*a<0^i: bT, Btf* 
tf, ND7 J llf-RXSmyt7 -< Jlt>-<00 *>'>&< it 

ififflb— !f?r^*x AOU- ifiPX^H^fiftiEfflb— !f 

*tf, t*-i i x*x/^^*sa : ti^o<D5^'>^< t 

[0 0 3 4] *5gBfl{C^S U— tfiOX^ffilix 'W^V 

ma^i^Ts U-ifftZmiti? c t fc <}; ►) , taiWft 

•f 7t©/ W-^m 1 XSj; O.^ct < Xti'h? < &5 J: 3 
(cgS© U ^o^;PX U-if )t©»)tjiS«r*niWft«i<D 

40 TtalJtjMllOrtaMc^*=F!RiRK <fc *flfiO*R««* 

[0 0 3 5] *SWKI5 U-+f*PX^ffiii, ^ 

;VX U-lf JtOj|lJtjjS%linlJ*«»©rt»»c^*>-& T, 
)bPX*f^tc^;bx U— tf Jt*gg^-r 5 c i: ic J: 0 , Ao 
XW*^<0W»i^7-i'>{i:ra-pT)!jPX«m ! Kl<0rtgptc 

x u— *fyt*&}£tzmytm vyxit-£tsft?m<DWin 

a=&H 1 Xg<k 0 *tf < Xtt'J^^ < 4 5 J: 3 (cMIP U 
A^O^;l/Xb-+f7 l e<Dll7 l 6^5r)!)PX*}^%l<Drtg|5(c^to 
so -a-T, AOl^ftfC/Vl/XU-if^BgMI-SCtJC.t 



(10) 
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[oo3 6] cn6*awfc«*u-iniPx*ttKJ:n 

[0 0 3 7] 

Jjpx^ffiRtf F irax£Wi\ £ JfcFWKfc <fc 5 

[0 0 3 8] tJfiOfRlRO/^yH^y^lBciDtJt? 
(DX^I/^-hvAVhSo^k^WcaflHta^o £o 20 
T, *t»*c»iR*^i:**fftthv>Efe**o 

•T«i:nhv>Ec<D*ff (n=2, 3, 4, • • • 

MW>£-*'V7-tf« (W/cm 2 ) T*ft££> 0US.tflf- 
*/<7-«S*M x 1 0 8 (W/cm 2 ) BLhOflfeft-P^JtP 

b—*fft<0 l /<;l/XSfc0Ox*;l/*-) -r (b— »fjt ' 

*7t/£©ttW&S (w/cm z ) -eft**. 
[0039] coi^a^jt^BiiRSWffl-ra**** 

BfflW*. HitiU-lfiinl+olioiWftWiiOTffiH 
H2UH 1 tc^-TiPX*f^% 1 <Oii-ll»c}B 
ofeWSBHT**0. H3*ib-1fil0l«O*PX»*« 1 
WffiHTfcD. H4ttH3fcS-r4alJ*ft1(ilOIV- 
iv»tc»o fcWffiBT** t> , 0 5 till 3 kiS-TftllW* 
WlOV-VlStffioftKiBHT'feD. 06t±flBffSnfc 40 

[0 0 4 0] Eli ROli 2 (c^-T J: 9 fc, iaXW^tJ 1 
0affi3fcttfflWrF£5>fv5*M&*. WSi^&'y^y 

-i«pxw\ i«w*iRtfti:**ft-eftix}«fc* 1 © 

rtg|5tcm^P^^t>HiTU-^L^i]PX^^ 1 icm 
[0 0 4 1 ] b-fEW^7^>5{:ffiot 
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tf£o cntcj:0. H3-0 5tc^J:3tc5fcaS|lS7 
^M^^^>5fCfp v oT*PXW^ 1 ©AgKctD* 
»j«*tl*. a(4MHKI8K«4U-1«niStttt, iOX 

*mm& 1 # u--9m*»iR-rsc ^tc<t d*px«»«i 

l%«^«^T*a«S«7%JBfiR*r§tDT«*l\ iPX 

1 tu-ifjfcL*»a*^x»fc*ii 1 ©flsiuc 
fcteftl/\, 

[0 0 4 2] 1 OfflKfcfc^T* WW?" SB 

t% 0 6 iz^tx 9 fcJtKW^«ft*TAnxJ**» 1 * 
ic^&Bftfflnfc^s-e-s c ^ft < AnxMiMi 1 

[0 0 4 3] ft&\ MfW**i^fcLfcfca34ftft© 

Oft. ApX»ft»K:AJ&tt&*^W*PSn*ci:*i:J: 
0, 3cS«S«*e^fc^TiiPX*fft14i^f"Jn, fiax*fg* 

ns£te> W^tf, taXWftttofflK^^-fVfci&o 
T*OXWft*lcftTO»^A/>flB**liP*fc 0 , iPX 

fctc<i:D, aR««*iej«4:LTlniX»*»©Wffi^riRl 
»W«MffStiS«'&t***. ctitt, 0J*efiPXttft14i 
iPX«ft%i<DW**^*^»^. «^*iRin:«a<D3c« 

tiT t ^av «#±o«ffi $ Timtf itefi § c k # ft < . 

MK«r(PJIW:<'r*cf:*«t»#*. ifi*. ^> 
U n y x / NllO^Wft: x /\<D&fr tiff < ft & ffifi fc 

[0 0 4 4] *3)ttlJB»K:6t^T*3W*iR»cJ: 
DJBlS«nai!»l««fcbT. ^© (l) ~ (3) ^fe 

[0045] ( i ) pxtt w»o 

U-if«*ftnX»** XVL iTa03 A> 6ft S 

•iratttf 1 X 1 0 8 (W/cm 2 ) W±TfrO/Vl/XJItf 1 
^Tt^^iR^r^ i: * -lioojtjpXW^tlSStc ^ffft jf ^ 



(11) 
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***<J&asti*. WHSJSEO±IMi:bTtt, W*tf l 

X 1 O 12 (W/cm 2 ) T-^-So /^l/Xifitt^Jxtf 1 ns~2 

JR(1 998^. 1 2fl) Cl2 3l~$2 8lO Ti 10 

[0 0 4 6] *»fti£tt. mW&8i:^7-y^cD*£S 

[0 0 4 7] (A) ftllSE4i*:^U"y*^*9^ 
0S2 7 0 0 }im) 
(B) *f 

: ^f*b-ifEftSNd:YAGU-if 
$:EI : 1 0 6 4 nm 20 
<fJttX#yhKffi*: 3. 14Xl0- 8 cm 2 

SU>iILJBS»: 1 0 0kHz 
: 3 Ons 

U— m?q» : TEMoo 

(0 ftjtffluvx 

(D) inXJ***A^«««tiSKHfeO»ftii« '10 30 
Omm/# 

[0 0 4 8] H7tt±isanotti**s-ry57T* 
u- -wts ©T-t »as«*i tr - * ^ ? - t*« s ti 

$£&£o t^virxtiy KO^t^tis tryytrxti 40 
*y h<DJB«<o-5^S*OSSi:ftses»<D^:t$T-* 

<Dfg3W 10 0B, BBPS (NA) #0. 8 OOS^J 

(0 OAS. BflPS (NA) 0. 5 5<Dif £ 

7?*5o bf— ffifltf 1 0" (W/cm 2 ) Sfi*^6 

[0 0 4 9] *«BB»K:**U-1f»PlKlBt^ so 



UH2002-205 1 8 1 
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LT«(r¥]S7>f>KaoTrt»lc * 5 -y 9 «B 

i:LT*5-y**<2 5fc:/*gU B 1 OfcgW J;3fc* 
9 >y ZtfbuTttSm l ^Sffi 3 fcfiffi 2 1 U El 

1 1 tc^-r<fc 3 Kfinx*t» 1 tf*m*c ttcct oftpx 
Wft* 1 ti*. SnXttfcttoSffifcHffifcSai 

ttt^wspsnsc tic i oj«*-r*iidfe**o 

[0 0 5 0] ( 2 ) »MM^SHraiR«o4K 
u-ifjtttlmxwft* (W*tf*U3V0£3tt¥#* 

3&K*M xio 8 (W/cm 2 ) fiUtTfro/^VXSAM /is 

OToftfrTBairt**. cntccfcoftpxw^ortgpti 
D*pxw*ftort«fcffiBiiffia^«*^ric*nSo iStt 

feffl&t^ic£t>T*t% 9 olO, IMA If, JP&AJft 

^St»3S*^trffiigK:S{tbfcfiR«S:««-r* 0 iPX 

litm W>ttf 1 X 1 0 12 (W/cm 2 ) T'^^o ^^1/ 
Xifg^J^tf 1 ns-2 0 Ons^»S Ll/V 
[0 0 5 1 ] S/Uny^x^OrtgPTJggl 

[0 0 5 2] (A) iDlS»:'>'J3^iA 
3 5 0 fim, WS4^V^-) 
(B) 

JtiB : ¥2i^*U— ^ fB^BNd:YAGU-+^ 1, 

: 1 0 6 4 nm 
U-lfjtXsKy h»fffitt : 3. 1 4 x l 0- 8 cm 2 
56^ffi:0X^-y^^X 
^Oilb/llifiS : 1 0 OkHz 
^Jl7,Wi ■ 3 Ons 
fcB^J : 2 0 pJ/'WX 
Is-Wt&U ■ TEMim 

(O aiftffluyX 



(12) 



#BB 2 0 0 2 - 2 0 5 1 8 1 



21 

fg^ : 5 OAS 
NA : 0 . 5 5 

(D) *pi»ft»^ttlI?n*«ll^©»»jSS : 1 o 
Oram/© 

[0 0 5 3] mUB&W* 1 3*^HHRiHK:J: 

?j3ySfi(D/S*t^5 0 /znu 10 0/inu 2 0 0 /im, 
5 0 0 /ink 1 0 0 0 /imO&**CO^T±iBB8^*^L 
ft. 

[0 0 5 4] 00*. If, NdrYAGb— 9*€>iklT*fe3 1 0 6 
4nmfC;fc^T, */ 'J 3 yWtii<OMfri$ 5 0 0 /i mtTF© 

«§£\ ^> U 3 >B«<OrtSPT*tt U-if Jtttf 8 o %tt±as 
yMrZ>Z-£ftftfr%>o 0 1 ztSt^'JavJi/M l 
©/»Stt3 5 0 fimT*&%<DT\ ^JtF*lRK: 

1 7 5 /I C©«£<D38SS¥WU 
f * 2 0 0 itmOi/y 3y)xAmict5i:, 9 0 

^66i (2 00 0^4^) <Dfg7 2H~|g7 3HO 

r e wx u— tftc * § s/ y n y (Dipx^f ttfFflij 
[0055] ftfe, z^xMii, iSlkfi9MA£ 
1/ y n > 7 x /^Stffi £ KEifc giJl-f £ c t tc J: 

tciijii-r^>c(D|ijntig^(c^s-r^ti^t>^^L, ftp 

IJMMti ic ft fliftn S ft £ c f c £ D ricSiT S fc £ 
So i8KttWl««^65/y 3>")xA(OSIi:i 

* o ft« w*> ewn^fiKft-r isuMttso 

2 tc^-r j: 3 tert»co*jsiitt!uiiii**^j«sn*. 
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ftpi»^^rt^^r§Ma^^ffM1-^>ii^, ^Jffi? 

[0 0 5 6] ( 3 ) *Sfg« A<JBSTSt5S<ktH«©«^ 
U— !fM6*ft03#ft* (flittfjff^X) OAttcimyi 
S^b-ST. i63t^^43ltS®S5aa*M *l 0* (W/c 
m 2 ) W±T*frO/lrt/XiBtf l nsttTO^ftTgMtrao 
/<;l/X»£ffi«>TiS< LT. £}£F&«*anXttfeft<D 

RiBSnTJBff«{kfW**«»rtSti*. *»3ft«<D± 

mmtLxtt, x 1 0 12 (w/an 2 ) ^ 

;VX«tt«|iLtf l nsWTtf b < , 1 psttTtfS &fc 

«*tf, ^4 2Hl/-1f!^IW«i»Safc (1997 
1 lfl) (DSl 0 5M-mi 1 II© T7xAh# 

Bestrew*. 

20 [0 0 5 7] W±OJ:3te**SlBB«»cJ:titf, afltS 
W**Jt?«KJCJ:0}Bj«LTi^a Q fits 

««tHt¥»OMPftO** 2«rfSSfi"f § c <fc 0 . 

tt, ?%<D 1 ;^XO->3 y h (OSDl^ 

X,-K^ hhm£%C£lC&K>?kMffiWt%:Z>o »«X* 

30 [0 0 5 8] ^77^X*7b^tt^L W»rF 

«5^V^»oftftPX*tft«lO«IWfO»l«*TO0, S 
ft, WXfffiOTfitttflKftSo cfttcoivriai 4- 
(HI 9*fflv^TKW1-*o Ell 4tt**«BB»cfc*U 

fg^Lft«^OftPX»^ 1 WffidTfe^o .H 1 5tt 
01 4^K^^^>5±OXV-XV^rSoT«®Tbft 

»tE0t*§o 016, 017. his itznznm 1 

4£D^J©f^^^>5 i:it$*rSXVI-XVK XVII-XVIK 

xvin-xviiHc}BoT«I»rLft»TffiaT**§o cnbO 
40 Hfr6»^*<t9K:, ?77>x#7h 9 03d^*tf 
^^^y^X.-K^y h9 OCD^t^cOtf^Ot^^t 
<^^>o cfcoT, 01 9lC^T£5fc^BH^7'f V5 
IciBofdiolWftl* l 0«JWO»«WB< 4 So tft, 
*PX»«iaiO«»rffi4 3 0EIia^#<3B:SOT*«I»r 
ffi4 3 0¥ffltt6 , B<4So CtltcWLT. 02OtC^ 
» **SW«fcff*U-ifliOX^tttfflo^T* 
5«;*X#y h9 0*Jt«W'h«< 2 0 ymW 

t^o^v^y^X^'y h 9 OO^JBS^v^yO^lPl^ 
so e»-rnft^O£u^t)«rWJT^Sc J:ot, 02 UC 



(13) 
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^wsnswufSfscfctfTta^o fib, 

[0 0 6 0] *3(liBBIia*:j;titf*5y^^*-y h£>^ 

10 0, NAO. 8©l§©*77^X*7hO*f? 
tt. *3tfflUVXOfg*5 0, NA0. 5 5<Dm$<D?7 
■y*X#'y hO*#*J:0fe/>*<ft*o fcT-*><7- 

*^^>X<DMPa#:*fr< (/Jv£<) fcSfcf^y 
[0 0 6 l] Sfc, *JttfflUyX<OBBP»^Ri:T?fe, 
*^y*X#-y h©\rS*^<»JfflIT't. U-1f3tO 

[0 0 6 2] £oT. B7tC^^7fr£>#frS£9 

/h* < -r a c i: ^b— »fjto/<7-*** < f a c ^tc 

«t 0 * 5 v * X * >y h <D^&*± * < WW"? f§o 
[0 0 6 3] *7-y^X*-y hOTfffiMWfco^T, B 
ffi*JH^T£&fcIIWrrs. B 2 2 fcaVTWKi* Br£0 

to^±OiWM(^j:o/cI^^§o B2 3tt, 

nft*7*y^X^^h9 0<DWrBiiBTfeSo -75-. 0 2 
4 ICjjVf fflli, 0 2 2^-TtRIJ:t)*tl/^Pao*3t: 
ffl U>X£rffl^T/ WX U- J »f ftLtf rtaHcftJfcS ttT 
t^ioXJt** l OWrBBTfeSo B2 5tt, ccou- 

<y*X#*y h 9 OeDWrffiHT'fe^o ^77^X^7h9 

0©i8Sh(i®«4 l oiraxttft* l ®J**#fafcfctt 

*T|-ffifctt#U >77*X*yh9 0OiwttSWl4 
l oAaXWft* l OBS^iafcHX-rs^fRjO^cffi 

t>77^X*y h 9 0Oift*h J f > Bw%/h*<T*t, C 
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h^BwSr^f <T**So B2 3fc02 5£Jt«rffttfW 

yX©BflPft***< MvSO -r*ci:K:<fc9* 
7^X*7h 9 0<DiSSh J f>'BwO\|-iiS:/>S< 

o wire**. 

[0 0 6 4] ££>JC. 0 2 6(C^-Ti5!»i, a2 2iOTt 

nTt^*ipx«*» i ©KffiBT**. b 2 6 K^rwi 

10 T*teU-1fft©><7-*/hS< LTt^O-e«B«4 1 O 
SffifiB 2 2 ic^fffltt 4 1*0 t>'h£ < B 2 7 

/££tlfc*^y^X#>y h 9 OOBrffiBTfeSo B2 3 
fcB2 7 0JtK^6W63tP4J:5*c, *)tfflU>XOM 
P^IrJC^ *f«0^7-*/hS < ttf<) 
t"Sfc^7*y^X#y h9 0©JSSh^iHwOTj"ft*/Jv$ 

[0 0 6 5] B2 8fc^r0!ltt, E 2 4 ^^"T 

(^J*D^^Vv^7-0/^XU-^m^rtSI5(C*^* 
20 tiTt^*4PXi«fc« 1 OWfffiBTfeSo B 2 9 tt, C <D 

i^y£X#*y h 9 OOWrffiBT?**. B2 3i:B2 9 
OJttt*6»fr*J:5te, *3ttfflUvX©BP»*** 
< (/WO LfroU- *f^/W-%/hS< 
<) -?%£s ^5'y*X*y h9 0O!B*h^»«wOrf8E 

[0 0 6 6] £<I3T\ ^^^^X#y hOjefigpJflBS: 

^-r«i^4 i3W3^atf*of*ifi«ciBje*tiTt^4 

so gitt«T0ffi!>-Cfc*o ■ t:-A« a pK 

K<^oU-1fJtO»*a«STJII*Bllfii:ft*. CO 

i/7y»flJO«ffiT**^fi*tlTl/Ko ioT, ^S4 l 
40 [0 0 6 7] tt±OJ;5fc**«^88k:*titf*7-y* 

iPX»ft%OJ»*iO****#atLTi*» 
i>o Sfc *5-y*X*-y K0TfffittlinX»*«lO»Jl 

tf, aSx^7h^MWttl»(OT% IS^tftbR 
W/hSt^*DX«ft»KOt^TttaRX*-y h«r/J^<-r 

so h££o S/c, »IX*7 h^§<-r^c^:tc*0. 



(14) 
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,[0 0 6 8] £fc, ^J^^inx*t^^ B B B ^{4^H 

ft *iat»*r S>5»/«#vh9 0 <M" ji* 
< tl»o —2k El 2 1 RZfm 3 0 o lc s W 

H»ft»iRi©«^, zviimmifrtztvvtTsif^j 

H4*fo*feffl«^IBfcft*. 

[0 0 6 9] *BX^7hOW*l»Wt§C^IC 
oi^T, >77>X#7 hO»*t»KWLft*^ SUMS 

i^m^r (w) TStattt^o 
[0 0 7 0] **«*tto*f*W*BM8 , r*« 20 

[0 0 7 1 ] [g 1 01] *£Stffl5ffi©» 1 0Jfc«* 

an 4 ooowi*HT*«o ix-+f jpxss 4 o o 
i o i «r«ww-r*b— tf)taiM«i» io2^, u— *r« 

/<7-»Mi»4 0 1 Km*.** 

[0 0 7 2] ^«7-BW»4 0 1 te, ISSkOND 
(neutral density) 7 &ND7W *f 30 

JtLOJttlK:J*LTfiBaffiliK:»«ia*fcO U— 1f«L 
O*H^*c»»a*fc0'r*«(li:, £H;i3 0 ND7 
;l/*tt, x*;V*-0*B«»3tt»#****ci:ft<Jlfi 

n^n****^**. /<7-mw»4 o 1 «§so 

ND7 ;1/ * <Dffl tlfr Xtt C n €> *ffl#£*>-££ C^ICJ: 
0. U— !f3t»l 0 l*&ffi»anfclx-1f3&0><7 
-*WlfflS"fSo ft&> «»<DND7W^^O«)t**|5|i: 
£U ^7-MSSSP4 0 1 «fftL<DJfc*llfc:*fLT 

-jfirfiftiis^^ij^^ ; i)ND7 ^ ;i/ * <omwk%L7i & 40 

[0 0 7 3] ft*5, /<7HWffi8(5 4 0 1 tt, BSMBft© 

7-BffliSP4 0 1 *C*t>T*l***'&fc»faOftft«» 
Il7t7^;l/^^[siea^^ci:tcj:'9, U— IfJKilO 

[0 0 7 4] U-1f)fc8i 1 0 1 <DB(lfiffl*«t*b so 
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30HHIItf l 0 2 TfMffli-r S c t ic X 0 . U-if JtiS 1 

0 l *^l±l»*nsu-'*f3tLO/^7--«:SBfi|S'rsci: 
tTfSo cfcoT, U-1f}fcL<D><7-«\ ^7-Wffi 
g[5 4 0 1 Xtf U-1f3fc««J»SS 1 0 2©'>ft< £^~f 

gfl 0 2^ASU-1f7tL0^7-<DiHffifc^T*»S® 

«o^tt*^aii^T**o"e*fttf^7-iiiii»4 o 
mx%w<om^%m£T*mw?%£wmw®i 2 7tc* 

[0 0 7 5] U-1«IPXiH14 0 0tt^6tC, ><7-IS 
IpgP4 0 1 t?/<7-ftMMI5SttfcU— 9m#AI*Lfr 
OU- 9*itL03tttOrpi#*9 0° £*£<fc3fc:ffiBS 
ftfci^*n>fyir*5- 1 03£, jf-Y^n^y^S 

5- 1 0 3^E»*nfei^^ja«^-r*«Ji6ffl^ 

fit 4 0 3WW§UyXIWIW94 0 5 ^^: 

[0 0 7 6] U>X»K«tfl 4 0 3 iiMffibVX 1 0 
5a, 105b, 1 0 5 c Ctt^fc^JS^SXltS 
4 0 7fc, ^e^.^o jft^fflUVXl 0 5a**t»fc3* 

ft, ftftfflUVXl 0 5 c **trje*3fioWP»tt*ft 

fnr^o uy^3w?««i4 0 3tt, uyxmmmm 

Mff04 0 5*>6©<1WC»^^T$1§«4 0 7^rlHlK 
^^^CfcfCcfct), *^fflb>Xl 0 5 a, 105b, 

1 0 5 cO*fr6»rao*}ttfflUVX*U--»f*LOJl£ 
itti^ESfS-eSo -Tftt)^. U>XStR««4 0 3tt 

[0 0 7 7] ftfc, Uy^BR«t«4 0 3k:Kf*tf6ti 
*«3tfflU>XO»H:3fflfc:HJESti'f, *tiUJ*©» 

©J»gp 1 2 7 tc+-^- K»«:fflt^TIBP»0**SX 
li«3tfflU>Xl0 5a, 105b, \Q5c<Do*>£ 

[0 0 7 8] U— »fiPX^H4 0 0fi*6tC. ItlTtfflU 
>Xl05a-105c<D^ U-1fJtLO)tlfl±tC|E 

1 0 7 ^XiW^^JC^fiftS^SfctoOXililllXT 1 -^ 1 0 9 

t, mm&\ 0 7«rxtt^[RjtcjES-r§Yffi^fpi(c^i(ia 

^Sfci&OYttlX-r-^l 1 1 DcS^l 0 7^:X|4& 

-T-i/ 1 1 3 fc, cneHO^Xr-S/ 10 9,111. 
1 1 30»ft*W»-rsXr—> - *JW»l 1 5fc, ^« 

[0 0 7 9] Zffl^fnlttftPXW^ 1 <D^ffi3 kHS-r 



(15) 
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MSO^tS^o £oT, ZttXf-v 7 1 1 3*Ztlll 
#ftK&ja£#SC^c£D, iPXJMM* l OrtSPtcU 

*3tjaPOX(Y)«l*lRlO»»tt.. *PX»»* 1 ftXCY)* 
0 9(111) K<t'ox(Y)(ii*ifaK»«iS-B: 
^ci:tcJ:t)tT5o X(Y)$AXr->M 0 9 (1 l 1) 

[0 0 8 0] U— 9%» l 0 l fri/ WXU-lf 
■rSNd:YAGU-1fT*feS, l^-1f)tS 1 0 1 fcUB^SC 10 
ttfT*%2>l'-*f£LT, COflfi, Nd:YV04^«-if^Nd: 

W*»WHWWJtt*(l4, Hd:YAGb-* N 
d:YV0< U— U\ Nd:YlJb— ¥*ffl^£0*WST*&5o 
Hffi*£{fc««*#/aWS«ft> Wy»7r^f7l/- 

[00 8 HS1 MTttioiSSft* i <Dijpx£/Wxu 

5 a ~ 1 0 5 c tt»##S©-0JT**, Z#Xf-^ 20 
1 1 3ttU-*3ttO«3tjS*!iaX*r*1llOrt»K:'&t)« 
SfSO-dlTSS. mftfflUVXl 0 5 a - 1 0 5 c 

)ttj«*llDX»ft»Ort»*C^t)*SC t*'T?**o 
[0 0 8 2] U— WPX»I14 0 OttS&fc* KBftl 

0 7 tc«fi*nfe*px»ft» 1 *niS3Mft»c* oswirr 

Jm-fy£*5- 1 0 3Rtf*JtfflL/>Xl 0 SfcBi: 

)t»ii±jcEa*nfcPiajtffloif-AX7 r uy* 1 1 9 

fc, £H*3o tf-AXXU«y#l 1 9^«7tfflU>X 30 

1 0 5£<DmiC?'(i?U'f>y?BL : 7-l 0 3tfBBB£n 
Tl/^o e-AX7 P, J7^1 1 9tt, nT«3t«Ott*» 

07"c!li40^t^9 0° $**<fc5lcEB£nT^So m 

Kffl^ai 1 7^?>?i^t/cpjti7 I emt*-Axyu^ 

* 1 1 9T»¥##Ef**tU COE»Stlfcnf«3WB 
tf^^P^y^^-l OS&tfifeftfflb^Xl 05 

fcSEU irax»ft*i oWBryje^-f >5«*-&^a 

[0 0 8 3] l/-fJ0iai4OOI^^(C e-AX 40 
XU *y£ 1 1 9, 2V^tf^y^^- 1 0 3RTS9kft 
fflUVXl 0 SfclRlCTtttitcEH^tlfcafS^l 2 

lRrJfc x if^U>Xl 2 3m§o Jilft^l 2 1 tL 
T (itW Cf CCD (charge -coup led dev ice) # ^ ^ $> & o 

wttttv'fy 5 ©srfttraas 3 *mmhtt*im3mv 

10 3, e-AXXU>y£ 1 1 9*25flL, ISflSUVX 

1 2 3T««^nr»«*?i 2 iTi«?n, fflfix 

[0 0 8 4] U— fiPX»H 4 0 0 «S 6 tc, ttHftffi? so 
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?iaasf 12 5 4:. u—*fipxa«4 0 o^swa-r 

£±ttfMfflffl 127^, 29t, Mx^o Ml 

JfcStl 1 7TR4bfcpI1flJtOiijS*W3±^#t)* 

LTXx-^»g[5 1 1 5tfZ«Xr-v?l 1 3*»ft 
Wmzctic&t), Rlffi)t©j»jSft^ffi3»C*^ct9 

ffil 2 5tt, aM»7 r -#*»»cLT*ffi30tt*lH»* 

1 2 7(cjse>n, ^{t»j»«-p#afflfflwft*n, 

£ l 2 9tc&£ti3o ctUCckD. 1 2 9tjtt* 

[0 0 8 5] £ft$iJffiJSP 1 2 7 tCti, Xr-^WS 1 
1 5A^<Df-*, S^T-^fflSffil 2 5*^e>OH« 

wnwtti o 2, KSffi^si i iRvxr-zsmmM 

1 1 Sfcfflffl-f Setter U— *f*JPXgS4 0 Q± 
f**W»-r*o ctot, £ttMfl*fln 2 7t±nVtfa- 
J^-ybklT«i«o Sfc* $»181 2 7*4 

/^y-iHffl5g|54 o l fc««Wfc»R«*iTt**. 0 3 l 

CiCOHS*«*tT0>*o £«'JS?§[$1 2 7CM7- 

/<7-lBffliS54 0 1 £$«PU CtlfcAD/^-^miS 

[0 0 8 6] 032 te£«J« 1 2 7 <D-0y<D-8&# 

«SP 4 1 1 , ffiHHfflEttflH 1 3fttflBttffr£04 1 
5£if;L&o ^i£»K»4 l Uc£U-1fijpxgB<Dj» 

A^l^Wo COWcfc^Tt*, BflP»4):*££«:iIi8 
A*-rS«toOK*}lfifflUyXl 0 5a. 105b, 10 

5c<ov>-rn*^jSfl?-r«A^*cbTtxfct\ cos 

ft, ±(*®J»SP 1 2 7 EjfcJtflill/VX 10 5a, 10 5 

b. i 0 5c, *n^n<&Bap»*^#B»LTfc#, m 
i«iWtcTj-tta«»4 1 ncA^^nSo 

[0 0 8 7] *|IH8fti3gffi4 1 3(Cti, /^Xl/-f 
•y hOTfffikOlilBBBft^feEiasnTt^. El 3 3 
T*t4, B8Pao«l*C«m3tfflUVXl 0 5a, 10 5b, 

i osco^tco^r, *n6*fttrtt**oBBP» 

A^SSStiSo ><7-0«ctt/<7-HW»4 0 HCJ: 

ti^o ^fficoffiltcti, WJCS-r^ftlO^y-^BBPSStfcO 
)B*ftt>*^J:?)?B«*nsaflx*y KO^tft*<aS 



(16) 



«f M 2002 — 20 5 181 
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2n£o m&l£* ><7-tf 1 . 24X10" (W/cm 2 ) 

t% Hnfktfo. 5 5©fc*k:jB«snsaKx*-y h 

«*tf, U-+fiiPXtij(C0 2 2-0 2 9T^L/c^ 

[0 0 8 8] \ftta«»4 1 1 *C/<7-0**«KtfB 
nao* t *^A* «nsci:fc J: 0. Tl"8SJR»4 l 

12 9Ki£3o cntCcfct), 1 2 9tCf*A^£ft 

[0 0 8 9] 1 1 TWIRZftrcmfclrtfcir 

I 5tC&£ft&o HWNcSM 1 5tt, c^a^f- 
j£U 1 2 9£2££ 0 CtltCcfcDs 1 2 9 

[0 0 9 0] ;W-<DA£££B£U IBP»0**S 

4£;icf<k5fc:&So >*7-* 1 ■ 49X10 

II (W/W) fc05£LgflP£SoFO. 5 5<Di:*KUBJ«S 

pso****h^u /^-o^s^Ri^^-rsc: 

H*tf* FwlPaSrO. 8i:B£U<7-ftM. 1 
9X10" (W/cm 2 ) Ok*lC»rt«tl*JlWX*y h 

[ 0 0 9 1 3 B 3 1 StfH 3 6 ^V^T, 

JBffiOS 1 U— *ftoXJjm%ffiWt%o EI 3 6 

[0 0 9 2] sr. fclXitft* 1 0JtM»ftt*B*L 

^&m<D\s-vytL*ft£?z\s-vytm i o i *misL 
r £ cs i o i ) o ^(c, 4pi»*«i i vmzttmit? 

t, ijuxwmm i oz^f^o^ffl^^i-^ (s i o 
3) o cmt u-if jttLo^jSP^iiPXJ*** i ©rt 

g|UcftS£#£/cA6^ ijPXJMMS i <o«ffi 3 tetter 
*U-tfftL©*3fcjS£S¥fc LfctrnXMStty 1 ©ZHtfF 

[0 0 9 3] ftPXttftf* 1 »fiPXKH4 0 0©K 

B&l 0 7(:im o *LT, BBBifciBl 1 7*^6 
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RTWIfi*«4**T4Pl«*W 1 *JBWT* (S 1 0 
5) o !HflSnfe«BrFS5-rv5*dtrliPX*r»«il 

osB3%ja«*?i 2 HciotB«tSo coia»f 
-*tta«r-*fflassi 2 5(ciM?>n^ 0 cobbt 
-^cSoVTiiftx-^iaggtf 1 2 s uBSfflttB i 

*«ri»»r* (SI 0 7) o 

[0 0 9 4] C(DMf-^(iXf-^]W 1 1 5 tc 
10 StcLTZUiXf—^1 1 3#Ztt#faO^Bj2-e£ (S 

1 0 9) o ctuc£D> bbbkbi 1 7^mft(om 
^affi3(c&e-rSo ffl«r-*iflaffii 25 

W^tiio^H3C)ffi;Allftf ? -^?:iS»'r^o coffi 
*iB«-r-*tt^f*MW*l 2 7S:fi-LT^~2 1 2 9 

[0 0 9 5] £#Mf*W 1 2 7 (CttfWf <y 7S 1 0 

aTft^snfeSftar-^A^AsartiTfeo, c« 

20 ilf-W^f-'»l 1 5tCjM6tl3o Xf- 

. )ttLO*3ttj*Ptf*0I«ft* l ©rtBfcftiffiBfc* z$i 
xf-yi l 3*cJ:t)trax»ft«ii*zlili*iRiK:»«i« 
« (si l Do 

[0 0 9 6] Jtoc % ±SBTKWbfc<t5*c^7-&a r IB 

□»©*#**^im«p»i 2 7tcA^-r^ 0 A^j^n 

7-S8IPSP4 0 1 KiDBWStt*. A;fr2*ifcB8P» 
(D-r-^lCg^T, HPattUy^[««fll*JWSB4 
so 0 5*ttLTUVXWi«B4 0 3*<«)ttfflUVX*a 
lRr£cfclc<fc9iBffl52*i5o £fc, Lti^f-^(i 
^WJWl 2 7 0rrffiaR»4 11 (03 2) tcA^ 

^■ftatfisnttaaxsKy h<o»tt*«-* 1 2 9icn^ 

2tl& (SI 1 2) o 

[0 0 9 7] U—*f3fcB 1 0 1 fr6U-1fJtL* 

fg££-£T, U— If ftL*r*PXtt»fel 1 <03lffi 3 O^Bft 
^9>f V 5 tcggatf £0 U— »f)tL©*)ttjftPttllPl« 

40 ft«KOrt»*cffiBbT^soT, is»fflfflffi«ttipx 

^V5(Cffi9 ^^tCXlftXr- i/ 1 0 9^Y»Xt->'1 
1 1 ^»^^T. SHU!Bff«««lK?£7>r > 5 (c 

»9 <^ 9 wuxnmn 1 * (s 1 1 

rtttfsc^tCcfcD. ipxit** 1 (si 1 

[0 0 9 8] m 1 w<oaia*Biwra. cntcintf, 

50 ^fSK?:EL S***ft-efrOiPX»ft» 1 Ortgfl 
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»fr£5^:/5fc}9oT#ttS*TV* 0 ctUc£D, 

£ LTWBfrPS^ v 5 {cjBoTinx*r*a l fcSJS c 
£(c£D, JtKW'J^a^TiPXWfeftl^W-rsC 

ttf-esso cn^cfcD. jpx»*i*iioaffi3»c«jK 

a<Apx*fft«i l Wt^i:^t§ 0 
[0 0 9 9] Sft, giffOfcitttfs 4nx»**itc* 
Tt? ^ir^sc s-e-sftfr-e^oiraxw** i <ort»fc 

5£!&atLT^£o ^oT, /W/XU-lfftUiipXtt 
AM l *2BflU iol*t» l o«B3Ttt/<;VXU- 

[oioo] 6l±KWLftJ:3fc:Si«fcJ:titf. Sax 

4«h J f > »SWfti:siii:ft<, iPX»«*i*«WW 
*ci:««-e**. ctoT, tax»«*i3W«*tf**(t 

/^^~-y^ffM^tiTi/^APX*f^^ Ell? 1 )! 

sic fvwx # j&s £ nr ^ £ 4px*mm*i o u > 

[o l o i ] Sfc, ffl l flteitin Anxttftft l <o« 

#.&o ctUc£D. -ftOliPXWft1*llA^6f^»StlS 
4. 

[0 l 0 2] ifc. S l MfcJ:ttn iPXJMMft l OS! 
fflt>fc^>r^vy«J:9fca«ift4PXtfRl«i:4*o 01* 
Wott, »l«t*fttf«KiiDI^«i:a:* Q c 

[0 10 3] [g2i.p«C, **at«fR^2ff9»CO^ 

TWlflfllfcOtBaMt+'&tBlwr*. EI3 8tiC0U- 
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^spxss 500 oMmffif&mv&Zo u— *fipx«a 

5 0 00111*8*0 o-fe, B 3 1 lffilfcftSU' 

—wpx*«4 o oo«jsKfi*fcra-B*fcoi/^Ta:n 

[0 10 4] U-+FfinXaB5 0 on 

0 1 fc£V*a^y^*7- 1 0 3 fcOHOU-lfJtL 
0^tt±fce-Ax^X^>^5 0 1 tfEBSttT^ 

^ 0 e-^x+x/o^so n*«*Rrs"e*o, 

10 £<&££5tctiSR£*l3o t:-i,x«/W5 0 1 

5 0 0 ltls>X&mm 4 0 3 (OiXt> D 1 OOHtftffl 
U>Xl 0 5m§o 

[0105] I/— »f JPXKH 5 0 0 ©KrfWSI 1 $J<D U 

-i«iai»«ol(iftfcSft*jfttt, i 2 7tc 

£ 0 kcf. cnicov^TKwrso ^#sy wsp 1 2 7 
e-Ax+x/sy^ 0 1 fc««Wfc»*«tiTi^*« 

H3 8ttCOHiR**«bT^*. £tt»JW» 1 2 7 (c 
20 BBPtt<D**StfA/3«ftS<ii:Jc<tD, £ttfHffilU 
2 7tte-Ax*X/<Vjf5 0 1 ote$*g*SSiJW* 
ti, 0 CtUC£D, ifcftfflUyXl 0 5fcX»"TSU- 
■9 f 3tL<0^-ASOt£***Hffi'rSo cfcoT, *JfcJ8 
UVXl 0 5tflOt$oTt, i&tJBUVXl 0 5$: 

tt*B3 9&tfB4 0*ffli/^TRWf«« 
[0 106] 03 9(1 t-Ax4 : X/^^5 0 1 tfffi 

BSftT^fc^Jl^oJfcftffli'VXi 0 5£<k*u— *f 

m<O*3t*^-r0Tfe§o -75, 0 4 0H If- Ax 
30 ^X^V^S 0 1 AW«*tlTl>«»^0*3tfflbVX 

1 0 5tC±*U— »f)ttLO*Jtt*S , rHTa&5 0 0 3 9 

>^5 o i*«n?tiT^a^iido*)ttffluvxi o 

5«r*tr«¥3fiOBHP»S:S»«C'r*i:, *2«rc«BB 
p»tf*#<a*J:3fc:HI|l-r*ci:A^**. 
[0 10 7] [»3ffl]*t, ***»«OS3«lk:'Ot^ 
Tcn*TOWi:0*Bii**^tclIlwr*« H4 lttc 
oiz-fioigfe o o^MMitfel.o b-+ffip 
XSH6 0 0O«!flcS*O«5-&. Cti$T*O0lJ(i:«SU 
40 -ifflpx«lloll»*B*fcra-«*fc:ov^Tttra-SF^ 

[0 10 8] l/-1fiPXttB6 0 Ott, tf-Ax+X/* 
y?5 0 1 Of^toOtC. ^V^n^^y^^^- \ 03t 

«t) 6 0 1 ^ssH^nri^o ff»»o 6 0 1 ogspo 

^IBIp-r^o 0 1 »BPBaiiS#«0-«!lT 

fe^ 0 Sfc, U-1fSnXSM6 OOMI^D 6 0 1 (D 

mu<o±^^xmm^^WM^M&u^ 0 3 

50 ^e^. £o ff^S D S'JPSP 6 0 3 tt^Mflltf 1 2 7 tc 



(18) 



ftBH 2 0 0 2 - 2 0 5 1 8 1 



33 

[0 10 9] U-ifJlOX&B6 0 O©l!lfttfCft£T*0 

•e*5o u-ifipi«B6 0 0ttX*anftHP»o* 

t^CgoVTil^^ 6 0 1 <0B8PO*ta%^^S 
ctlcX*), HDteffll^Xl 0 5©W%SOfg/Jvrs« 
ffli*-*-*. cttfcJiD. JfcJfcffiUvXl 0 5iMoW 

a<&a<t3»cHffi-raci:A^*s 0 cti£04 2& 10 

[0 110] 04 2tt, JElgttOOTEBStiTV^^ii 

BT*So -75, 04 3tt, !ff&$D 6 0 1 OTEBSti 
T^SJf^DiiyfcfflL'VXl 0 5&c£SU~^m<0ill 
Jt«r*-rBt»feS 0 0 4 2&tfH4 3*JttH-fttf#fr 

yXi os^rttJte^SROHPtttMWcrsi:, §§3 
M^ttHP»*VhS < 5 c fctf "PS 

So 20 

[oiii] a«c, *%nsttoKSflfi«vm > r«. 0 
4 4tt*^««ffiou-if*ni«Boa»fw*c«ii6n 

2 7«'<7-a*!»4 1 7Rtffflli8H^IB1ta5 4 1 3$: 
fiS^S* fBBBB&f3*SM 1 3fcii* 0 3 5 £5Vf fflB8 
H«OT f -**^»IBtl*tiTl^*o U-iWlPXttBO 
«fc^#tt^-#-FH(;:i:0^7-atR»4 1 7tc&« 

a, tnxj«*ows*»B**#*bT»3esn*. 

C£>A*lfc£D. /<7-a»«M 1 7 l±fflWKI«lB«» so 
2HRL, ^©/*7-Or— Kffi8P4 0 1 KiM 
X£BT*b-1fiPXl-£ci:fc<fc!K Brao^tffioaB 
tSOr-^tt*:-* 1 2 9tC&^6tU /^7-©*« 

MflSESfflU 1 3fcffi*2*iT^&^J§^ «&Sfi</MI 
0\fffifcW^§^7-Ox-**V^7--SI©SM 0 1 40 

[0 1 1 2] 0 4 5«i*SSltt»»OU-1f»nX«EBOffi 

$)§ 0 £i*ftJSPg|5l 2 7(iHPaa»!ff4 1 9StffflB8 
BftgEttSH 1 3£<i*S 0 0 4 4<Dafl£0JfcfiftSj& 

a. ^7-T*±a<iBPft* , a«sn*ci:T*a. ta 

BBKH&SEttffi 4 l 3»ctt, 0 3 4 K:^"rr-**^»E 
«2ttTi/*S. U— *firaX«B0»tt*tt*-#- K» 

t j:9PBpaa9?»4 1 9(caRx*7 noma^a so 
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^A^fSo cnfc^o, iap»as?S4 1 9», ten 

SHPRftHKU *OBP»Or-#*UVXa«B 
»J»SG4 0 5, e-Ax*X;O^5 0 1 XttttSBK 
t)*»JffllSP6 0 3ic2ISo «fcoT, C(0HP»O*f 
WfliSnfcU-lfliPXaeBTU-lfioX'rse: kKJ: 

&S 0 COBPftO^tSOf-^tt*-*! 2 9JC& 

HtfBSTBPR*^***. 
[0 113] 04 6tt***#ffi®l/-^ FfiPXgfiOS 
6fc{fi©gJg0Jfcfi}3. &n«^HPJf*W i 2 7 <D7n >y 

*Ht*65o ^f*»sp 1 2 7 tefflas?au 2 1 ami 
hisb^ieiism 1 3smi*So 04 4RtfB4 5<omt 

BftSjSfcL /^7-atfHP»OB»<««aft*ci: 
-?feS 0 *IBEIHftfEtt8H 1 31C&, 0 3 3<0/<7-R 

tix^So 9 f ftnx»BO«M^#tt*-#-F«*cJ: 

9nsa«?»4 2 1 tc#ftx#y hORffaoTf^A^-r 

So CftfcitK JflatRSM 2 Itt, fflB8SI«iB«S|54 
1 3*^6CO\Tffifcrai:fiOTtj*^»lS^*^7-Rtf 

■p»0fi*a«-r*. a«*ftftfflo/<7-07 f -* 
tt^7-n«s»4 0 1 tcjM^nso -s. a«an/cffl 

<OBBPao-r-*t±UVXa««ffl»JIBlSS4 0 5. fcf- 
Ax*X^y£*5 0 1 Xtt*DB«0W»»6 0 3tc&£> 
nSo iot, C0»0/*7-RlfMP»0***fcB 

0 a ft* *f irax^BT u— if iPX-T s c x K> . 

* 1 2 9fcfcaJ6*U /<7HfttfHPft0**;£#*R 

anso 

[0114] cnso^fwc^ntf, aax*7ho 

>tt£*/h£ < S c £ K: £ tK imxi**«W>«J»fr£5 
cttfT-tSo 4nxtt»W0»*ff*£^«£. 
B?tfpIftg«i:aSo 

[0 115] 

CaWO«!F»] *58W(c^§ b-ifftOX^lRtfU-* !f 

C<blCct0^1!$tlSiip a n ^2g{*^^^ E 

tf/WXfy^ «S*OS5a6B) O*S^0^>4 
[0 1 16] *^{C^Sb-1fiPXSBS0 : b-+fftP 

BrTt, */c¥ffla^3W®^#SCh^TtSo 
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[0 117] *»W»c«SW-1fl!lPXKBtJ;ntf, /< 
[0 1 18] !fiDXKH*CJ:n(f, * 

[BBOffiWttlKB] 

[0i] *JM»ttK:**u-iffto:*tt«c*oTU-- 

[0 2] 0 1 fC^f *PX»*%KOII-II«^ofe»fffi 
[0 3] *^ffi^c^^b-1fiPX^fffi^J:^b--1f 

[04] 03 KS-r*px3#*»oiv-iv«jc}eorc»fffi 

[0 5] H3*c^4PX»ft«OV--«»K:}Bofc»fffiH 20 

[0 6] U-f 1)PISS(- ^ o T«» 

Stifc*PX»ft14lO¥B0"e*So 

[0 7 ] *mmnMfc&2> u-ifipx^stc^tt^a^ 

[0 8 ] *£ftjftBicffi$ u— *f*px*ffio* 1 xmc 
*»*3tax»»»o»fffiH"e**. 

[09] **««tt»cflfi*U-1fllPX^i6oa2X8fc 
^5tti>i!iaxW* ! (%io©TPB0T$>^o 

[010] #HflWgffitc&5 U-ifiPX^ffitO^ 3 XS 30 
Id *stf § JPXftftfcOWBBTfc £ o 

[011] **Bfie»tc:ft* U— *f*PX#tt<DS 4 xe 
Kli3WSllPXW»1ftOBfffiBIT*feSo 

[0 12] *|feffi^c^SU-'«fliPX^cJ:DWWr 

[01 3] **tt*»K«6U-1f»PX»a»cWJ*U 

[014] *fg«5}&JKfC«£ U-1fiPX7jj£*ffi^T * 40 
77^X * >y h * Jt««* t < «dt L fc«£<DftPX»ft 

[01 5] 01 4{c^-^K^£^>±oxv-xvtcffi 
oT»>rLftlfBBW*. 

[0i 6] 01 4fc^-r«»r^7-ryi:iis*rsxvi- 

XV I(C ft o T^8>T L fz Br ffi0 T£> £0 

[01 7] 0 1 4tc^-r«J»r^v^>i:E$-r^XVll 
-xvilfcfloTfflKLfcKBBT**. 

[01 8] 01 AfrfttmmttvJytUttZwn 
l-XVllitc}S^T«lWLfcWrBBB?**. so 
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[01 9] 01 4tC^ftoX^fel^®T^^^>^ 
ft^TttKLfc¥ffiBTifc£« 
[02 0] *lttBB»i:ff5U"- *fftPX#}££ffl^T£ 

5^V«c»ofc4PX»*«OWffiH"e*So 
[02 1] H2 0»CzS'MlPX»ft*l*«J»f^^^V*C 

[0 2 2] mSOMP»0*3tfflUVX%ffl^T^;l/^ 
U-^tf*PX«*1ftOrt»U:^3t?nTt^«ffi*^ 

■ripxs***ottffiHT**s« 

[02 3] H2 2^-rb— tf3t©B8i*»i:J:S*3t?» 

[0 2 4] 0 2 2JcS-rffJ<3:9**t^ll!P»0*3tfflU 
>X*fflU^c**OliPXWft»OWfffiBT*So 
[0 2 5] 0 2 4£arf I'— IfJtOBBWfciS^Jt?* 

[0 2 6] 0 2 2fc^-rffilJ:D/hSVv<7-0/^l/^l/ 
-VJtt*Jlv^c»&Oj!FPX»**©WBBTft*. 
[0 2 7] 0 2 6lC^?U-^K<DmMlC&%%K?W 

Wfmsv&i&'Z hfc * ^ * * * # >y h * < &tr*px«ft 

[0 2 8] 0 2 4(C^-r0J£^£Vv*7— 
-if**ffl0^fcJf^<DliPX»*»OllfBBBT*S o 
[0 2 9] 0 2 8«C^-Tlx— if )ttO!HI*U: 

*OHrBB"e**o 

[0 3 0] 0 2 llC^riaBRPfi^^fcBSEfSXXX-.. 
mfc»oTffl*rLfc*rffiB"C**« 

[031] **BSJEffiOffi 1 »Jtc«S U-ifiPX»fi<D 

[03 2] **«JB«K:ffSU-1fliPXaEBK:«i*6ti 

[0 3 3] **«*«fcff*l/-'»fj!iPX«tBO^f*«iJI|l 
»KldSn*fiBBfflH1t»0 , r--r;l/0-«l*^rB 

[0 3 4] **«HB»^«*U-1fliPX«BO^ftW«l 

0T*fe3 o 

[035] ^mmnm^^^-^tuiL^m^mm 

taVTBTfcSo 

[036] *£«0Bffi<D£ 1 flJfcffi* »f iPXfiffi* 
IB0^£fc#<O7n--^+- hTfe^o 

[037] #*6SJB!S<9!g 1 WJfcffiS U— tfiPX^FffiJC 

±offlw^ie*^*-v*ttwt"*fe»oiipx»ft»© 

[038] *£SBB«<D3S 2 0JJC«* U-if ioX^SO 
IBWIMBTftS. 



(20) 



ttH 2 0 0 2 - 2 0 5 1 8 1 



37 

[03 9] tf-Ax+^/^^i2S^tlTV^0^ 

[04 1] **»fig^3»JtC^i>V-1fiDXSS<0 

[0 4 2] (Dg«0*WiiStiTt^40^«-&O*)tfflU 
y X(C cfc £> U— !f JtOKat^-r HT*6o 
[04 3] tt^O^BBffl^nTV^Ji^OftTfefflUV 

[04 4] *^m^^-^pxsgo^ff^jtc<ix. 
£ ti § 89 a* o - ffli <o y p y ? m T* & § o 

[0 4 5] *^»S8OU-1f*PlSBc0g^J^{|^ 
[0 4 6] **«JgffiOP---»fllPX*fli0^tSllC«S^ 
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1 • • • iMXttSm, 3 • • • HS> 5 • • • «»r?5£ 
7 • • •RftflML 9 • • -9??*1WL 1 
l . - . s/ij3y«)i;\ 13" • JSMJaafSi*. 4 
1 • - 4 3— -Wffi, 90 • • • t^vt 

TsXv K 1 0 1 • • • U— !f3t», 1 0 5,1 0 5 a. 
105b. 105c-- - iftftfflUVX. 1 0 9 • • • X 
$Al*T-v\ 111 — -YttXr-^ 1 1 3 • ■ -Z 
ipSXr->\ 4 0 0 • • • U— »fiPX»«, 401 • • 

• ^y-sisaiep. 4 o 3 • • • uyx>iKMi> 4 1 1 

• • • TfS*K», 4 1 3 • • • fiWM^fEligfl, 4 1 
5 • • • BHftftjAffi, 4 1 7 • • • /<7H»K»* 4 1 
9 • ■ • PBDltiHRft 4 2 1 • • • ffiiStRgf?> 5 0 0 

• • • tfiPX^S, 5 0 1 • • • fc?-Ax**>^> 
£\ 6 0 0 • • • U-if tollSM, 6 0 1 • • • KG&ft 
0, P - • • JWtjfi 
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